It describes the situation of the briquette industry in Victoria. The paper is presented not only to illustrate one successful and valuable application, but also to indicate the powerful nature of mathematical models and the way in which all businesses can be so represented.
The example used in this paper to high-light the various aspects of model buildings fits into an emerging pattern of quantitative studies which are contributing toward the preparation of investment decisions by the State Electricity Commission of Victoria.
The paper is presented in the following way :
Section 1 describes the dependence of the economic and business activities of the industry upon the physical, technical and social factors.
Section 2 presents a family of models and outlines the reason for selecting a particular form of model to represent the business.
Section 3 summarises the rationale behind the model, then a detailed account of the model itself is given in Section 4.
Section 5 brings together all the components of the model into a coherent whole under the appropriate title of the logistic system. Section 6 details the major benefits and the effectiveness of the model and discusses its role as a management tool in decision making.
i.
The Business
Apart from its primary objective to generate and supply electricity, the State Electricity Commission of Victoria was also legislated to produce, distribute and sell briquettes* to the primary fuel and raw material markets. Whilst initially serving a purpose of decreasing the State's dependence upon the then sporadic availability of fuel imports, the briquette industry today provides an industrial carbon of unique properties, a cheap form of fuel for various markets and contributes to a highly competitive primary energy situation for the State.
The fuel used in the Victorian domestic and industrial markets for the period 1963/64 to 1968/ 69 is listed in Tables 1 and 2 respectively. * The Morwell factories produce brown coal briquettes at the rate of over two-and-a-half tons a minute, night and day, seven days a week.
On average, production is about two-thirds the industrial type of briquette (L) and about one-third domestic (H).
To maintain this output, the factories process annually more than three million tons of raw brown coal in a continuous flow from moist coal in its crude state to the finished briquettes.
The raw brown coal used for the manufacture of briquettes has approxim~e~ a two-thirds moisture content. Untreated, it breaks up easily during handling, weathers quickly, and for effective use requires to be burned in special furnaces.
The purpose of briquetting is to convert low-grade raw brown coal into a high-quality fuel that possesses uniform characteristics and can be economically transported for use elsewhere.
The moisture content is reduced to approximately 15 per cent, thus more than trebling the heating value per pound of fuel.
At the same time, the coal is converted into hard, durable blocks of compressed fuel that can be easily stored and handled.
The share of the e n e r g y m a r k e t s u p p l i e d by b r i q u e t t e s gives some i n d i c a t i o n of its p o t e n t i a l to affect r e l a t i v e fuel p r i c e s t h r o u g h o u t the State.
The p r i c e of a p a r t i c u l a r fuel is an i m p o r t a n t d e t e r m i n a n t w h i c h ,governs its m a r k e t share and r e v e n u e from sales. V o l u m e of sales in turn d e t e r m i n e s the cost of p r o d u c t i o n and thus net earnings. In this s l t u a t l o n it Is clear that the lowest p r i c e d fuel will c o m m a n d what is known as the pure "economic" buyers. The h i g h e r p r i c e d fuels rely on the more i n t a n g i b l e b e n e f i t s of their p r o d u c t to o f f s e t the p r i c e d i f f e r e n t i a l and sothey a t t r a c t those b u y e r s more p r e d i s p o s e d to a t t r i b u t e s o t h e r than price.
The h i g h e r the level of r e l a t i v e p r i c e s then p r i m a facie the larger the n u m b e r of p u r e e c o n o m i c buyers.
In this way b r i q u e t t e s r e t a i n some m e a s u r e of i n f l u e n c e on the p r i c e levels in the fuel m a r k e t w h i c h is u l t i m a t e l y to the b e n e f i t of the c o n s u m e r b o d y as a whole.
However, this i n f l u e n c e is e n t i r e l y d e p e n d e n t upon r e t a i n i n g the p o s i t i o n of the l o w e s t p r i c e d fuel in the State.
Cost e s c a l a t i o n tends to erode the e a r n i n g base, thus p l a c i n g m a n a g e m e n t under c o n t i n u a l p r e s s u r e to m a i n t a i n a rate of return on i n v e s t m e n t in the face of intense c o m p e t i t i o n .
Upon a p p r a i s i n g the v a r i o u s aspects of the i n d u s t r y it b e c a m e o b v i o u s that its c o m p l e x i t i e s m a d e the a d e q u a t e u n d e r s t a n d i n g of the b u s i n e s s e x t r e m e l y difficult.
D e s p i t e this c o m p l e x i t y d e c i s i o n s had to be made c o n c e r n i n g w h a t role the b r i q u e t t e i n d u s t r y was to p l a y in future y e a r s and the d e p l o y m e n t of r e s o u r c e s over those years w h i c h w o u l d m a x i m i s e earnings.
This was p r e c i s e l y a s i t u a t i o n w h e r e the m a t h e m a t i c a l model c o u l d c o n t r i b u t e u n i q u e l y in a s s i s t i n g m a n a g e m e n t i n s i g h t and a p p r e c i a t i o n to an o t h e r w i s e i n t r a c t a b l e situation.
However, b e f o r e o u t l i n i n g those a s p e c t s l e a d i n g up to the d e v e l o p m e n t of the model it may be useful to have a general p i c t u r e of the b r i q u e t t e industr~ F i g u r e 1 b e l o w is a d i a g r a m m a t i c r e p r e s e n t a t i o n . The f u n c t i o n a l areas l i s t e d above were s e l e c t e d for this study as a p p r o p r i a t e elements.
The d e c i s i o n s w h i c h faced management (and led to the d e v e l o p m e n t of the model) i n v o l v e d risk, u n c e r t a i n t y and v a r i a b i lity.
In the long term the q u e s t i o n s were: 
(a)
Were m o d i f i c a t i o n s to p l a n t n e c e s s a r y ?
(e) Was the h a n d l i n g e q u i p m e n t of s u f f i c i e n t c a p a c i t y ?
f~ Were a d e q u a t e s t o r a g e s a v a i l a b l e and were these s t o r a g e s l o c a t e d in the b e s t p l a c e s ? g) W e r e the c h a n n e l s of d i s t r i b u t i o n The answers in all cases were e x p r e s s e d in m a r g i n a l and average terms and used in each s t r a t e g y e v a l u a t i o n w h e r e a p p r o p r i a t e .
2.
The S e l e c t i o n of a S u i t a b l e Model
The way in w h i c h u n c e r t a i n t y p e r v a d e s the w h o l e b u s i n e s s (and therefore p e r v a d e s a model r e p l i c a t i o n ) limits the use of d i r e c t o p t i m i s i n g models, e.g., l i n e a r p r o g r a m m i n g (LP), q u e u i n g models, i n v e n t o r y models, etc. For example, in the b r i q u e t t e i n d u s t r y to s e a r c h for a long term strategy, the d y n a m i c n a t u r e of the b u s i n e s s must be k n o w n or estimated.
An LP that does this but t r e a t s u n c e r t a i n t y aspects by simply u s i n g a v e r a g e v a l u e s is not l i k e l y to y i e l d a good s t r a t e g y e s p e cially w h e r e the i n t e r a c t i o n s b e t w e e n h o u r l y e v e n t s are c r i t i c a l in the p e r f o r m a n c e of the industry.
By contrast, dynamic programming models can analyse problems to be evaluated over consecutive periods which contain uncertainties.
However, dynamic programming in practice can treat only drastically simplified systems for un~ss the system is eharacterised by only a few state variables, the computational task of solving a dynamic programming model is beyond the capacity of most computers in use.
This limitation is applied in an even more stringent way for dynamic probabilistic models.
The combined effect of uncertainty and risk, the interations between decisions and subsequent events, the complex interdependencies among the variables of the business and the need to look at hourly events makes the total system problem too big and too intricate to handle by methods outlined above. The best operational research approach in these circumstances is the digital computer simulation.
In this method the uncertainties, decision interactions and interdependencies are formulated and written into a computer program.
The simulation of the business begins at a specified starting state and the combined effects of decisions, predetermined and random events cause the system to move to another state.
Dependent upon the particular system there will be an optimum time interval between successive states.
To span the total period being simulated it is necessary to monitor and modify many consecutive states.
To obtain sufficient statistical accuracy for reliable decisions a considerable number of simulation runs are usually necessary.
However, once a basis is established for a given set of input parameters, it is possible to evaluate the effect of a change of any one parameter by holding all others constant and repeating the simulation process.
The briquette industry simulation model provides management with a systematic approach to decision making, a way which is clearly more desirable than the alternative intuitive "analysis".
Macrostructure
The structure of the simulation model representing the briquette industry is conveniently described in terms of its dynamic functions and its entities. The dynamic, functions are a set of decision rules which are typically expressed as:
What will happen to A if B occur~ These rules are the formalisation of events as they occur in practice. In many studies rules cannot be changed, in this exercise however the model was sufficiently flexible to permit rule manipulation and hence determine the optimal way (within the practical constraints) in which the industry should be run.
The entities of the briquette industry are the previously defined building blocks of production, storage, distribution and demand.
Building blocks are composed of many attributes, e.g., consumer behaviour, plant throughput, equipment capability, coal quality, etc.
Each of these attributes is ascribed a mean value and a variability. The mean value describes the average performance of the attribute whilst the variability indicates the way in which the attribute value varies in operation.
The complexity which results on putting together these building blocks arises in part from the number of blocks but mainly from the interdependencies of the various parts. Figure 2 illustrates the static framework which describes the structure of the briquette industry.
In Figure 2 the industry representation is shown in a static form, i.e., the time dimension has not been included. This introduces further complexities of even larger scale and is to be pursued later (Section 5).
The figure is also depicted as a closed loop system with only three input values connecting this system to the environment.
Although a rudimentary presentation, it permits the model to retain a significantly valid representation of the industry without becoming too large and thus losing the ability to obtain computable answers. For this reason it is also necessary to initially develop the model as time invariant, introducing the time dimens~n to the model after all the separate entities have been arranged as a total model.
The full effect of the interactions within the model are then, and only then, realised.
Microstructure
Whilst the business in its total form essentially exhibits the state of a closed loop system (Figure 2 ), if more than a few variables exist it is extremely difficult to develop a model from the macrostructure.
It is necessary to break the problem down to smaller elements (the entities) and analyse each separately, building up a "block" for later synthesis to the total model. As the entities previously described have clearly defined boundaries they do constitute obvious areas for concentration. The macrostructure in Figure It is perhaps a better representation, for those loops left open are in the main time-dependent and cannot function properly until the system is brought together as a coherent whole (Section 5).
The remaining part of this section will concentrate on the detail of the development of each of the four building blocks. Tables i and 2 indicate the type and size of the various markets.
Demand
The demand in each market is clearly governed by different determinants.
Each will be developed separately.
Domestic
Demand in the domestic market arises from the need for home heating and domestic hot water.
The hot water load provides a base demand and the heating load the variable demand dependent upon the season.
All domestic demand is satisfied through briquette distributors who hold virtually no stocks but order in anticipation of sa~s.
This set of circumstances allowed a forecasting model based on causality to be developed -the causal factor being that used by fuel merchants as "how cold it is" or more scientifically as used by the model as a function of temperature. Having established a rationale it was then necessary to compile the available statistics in a meaningful way.
In terms of sales volume the briquette distributor's turnover is the aggregate of the purchases made by the end consumer.
The daily consignment statistics to distributors were therefore used as the dependent variable after adjustments had been made to allow for the various preferences to have consignments placed at a rail siding on a particular day.
Several independent variables were processed by non-linear multi-regres~onal analysis to arrive at the best form of the forecasting model.
(This form being dictated by the best level of significance of the dependent variable associated with least complexity of the model.)
One independent variable, an exponentially weighted function of temperature, was found to satisfy these requirements.
The following factors were used in or influenced the form of the model: * The living habits of the consumer population being normally distributed about a mean value of comfort.
* 70°F is the criterion of comfort (in terms of temperature).
* Weekly purchasing habits are a norm of consumer behaviour.
* Purchases made over several weeks preceding the immediate purchase decision and the climate conditions expected in the future influence the magnitude of any purchase.
The equation expressing this behaviour was of the form -1 Y -A + BC -~ Where Y represents the daily domestic demand of briquettes in tons;
represents the maximum daily demand; A B is a factor representing a learning curve effect of past and future climate on sales volume.
C is a factor representing the variability of consumer habits of the population x represents the seven-day moving average of degree days based on temperature statistics of Melbourne.
The form of the domestic forecasting model is shown in Figure 4 . The fundamental equation of relationship derived by least squares analysis revealed an acceptably low standard error of estimate, and a high degree of correlation between daily sales and the moving average of daily degree days.
Industrial
Demand in the industrial market arises from industrial heating and/or process steam requirements.
It is dependent upon the cost of fuel, capital cost of plant, modification, operation and maintenance costs of plant. The industrial buyer is essentially an economic buyer.
Owing to the variety of ways in which each of the determinants listed above could affect different customers, a general form, or model, satisfying each customer could be extremely cumbersome.
A closer analysis revealed that 6% of customers accounted for 92% of industrial sales.
Individual analysis of the customers in this group were carried out and their requirements for briquettes and susceptibility to competition determined.
These demands were in terms of their mean value, the variability of their daily purchases being obtained from past records.
The last 8% of customers consuming whole briquettes were trended from records of past data using least squares analysis.
Both mean values and daily variability were obtained.
Arising from the manufacture and handling of briquettes, a certain amount of wastage is obtained.
Some of this wastage can be recirculated in the manufacturing process and rebriquetted. However, a large quantity must be either consumed by industry or used in the power stations.
The harvest of wastage was projected over the period of planning, sales were estimated to industry and the balance allocated to power stations. The variability associated with sales affected only the amounts going to the respective demand areas.
4.1.3
Char* Char possesses unique properties as a source of industrial carbon of high purity.
It is to be expected that a considerable demand will exist; however, as at present it is in the development phase, market performance is nonexistent.
In this situation market research is the only means of predicting future sales.
In the domestic forecasting model demand was associated with causality, i.e., a reason for purchasing was sought and demand was (statistically) associated with that reason.
In the industrial forecasting model a type of adaptive model was used.
A trend was obtained and modifications to this trend line were carried out taking into account the particular circumstances of each major consumer.
To forecast the char market * By carbonising briquettes with a closely controlled heating cycle, the volatile component of the fuel is removed, leaving a strong solid residue (char). This product possesses characteristics which are in high demand as an industrial carbon.
is far more difficult.
Daily variability does not constitute the major problem as in the two methods above; it is the uncertainty that sales will eventuate.
In this situation market research provides the only means of gauging the future level of sales.
Local and overseas markets were surveyed and intending manufacturers interviewed. Their plans (checked against market potentials) formed the basis of the forecast model for the char market.
The continuous nature of the char making process eliminatedany daily variability, although the expected level of sales contained a considerable degree of uncertainty.
Owing to the nature of its demand, however, the char market forecasts could be treated differently to the other forecasts.
It affected only the level of production and not the daily variation.
The level of sales was therefore used as a parameter in the simulation, not as a variable.
To each of these (static) models was superimposed a secular trend which was determined from consumer surveys and analyses of past statistics. This allowed the forecast models to predict forward any planning span required.
A flow diagram of the forecasting model for demand is shown in Figure 5 .
Production
As the entire industry was presented in diagrammatic form earlier (Figure i ) a similar representation of the production entity to be modelled may also prove beneficial to the reader. Figure 6 represents the major functions within any of the factories.
The briquetting process takes about 3½ hours.
After crushing and screening, fine, moist brown coal is passed through large, steam-heated, revolving drying drums to reduce its moisture content. This dried coal is screened and the larger particles crushed.
It is then cooled in special cooling houses.
Briquettes, extruded through forms, forced out from the presses along narrow troughs -known as laundersemerge in bars containing several briquettes joined together.
As these bars reach the end of the launders, they are cut into separate briquettes.
Passage along launders and conveyors allows the briquettes to cool off before being delivered into a specially ventilated storage shed or loaded into Victorian Railways trucks for despatch to other parts of the State. Briquettes for char making go direct to a processing source by belt conveyor.
Throughout this flow path 310 major items of plant are used. These plant are subject to various scheduled and unscheduled outages.
In developing the production model all relevant statistics were assembled and the respective frequencies of particular plant downtime obtained.
These are shown in Figures 7 & 8 .
In addition, presses must be regularly taken out of service for retooling.
The frequency of retooling is dependent upon form life, the variability of which is illustrated in Figure 9 .
In the program, press outage due to cascading of worn forms is avoided by continually seeking an optimal form life.
Apart from these constraints to plant operations the quantity and quality of the coal and steam affected production levels and the decisions arising from the applications of the rules.
Their variability is shown in Figures i0 to 13 .
In contrast to the uncertain environment of demand the production function could be quantified within stringent probability limits. This mathematical approach combined with a set of decision rules facilitated development of the production model.
The set of decision rules under which the factory operated (and therefore which governed the form of the model) centres about several factors of production.
These were -* the daily moisture variation in the coal;
* the quantity and quality of coal at each factory;
* the quantity and quality of steam at each factory; * priority rating for type production;
* drier breakdowns and outages;
* plant breakdowns and outages;
* press form life;
* press outages; * routine maintenance programs; * plant shutdown; * industrial unrest. Figure 14 illustrates the flow diagram of the production model.
Storaqe
The seasonality of demand for briquettes is shown in Figure 15 . This seasonality imposes a necessity to hold stores or back-up production facilities. Owing to the cost escalating nature inherent in the production complex, storage presents the most economical way of augmenting production to match demand and supply.
Briquettes stored are of the industrial type owing to their greater resilience to weathering without a significant loss of quality. Storing industrial briquettes, however, introduces a production priority rating as the daily demand for domestic briquettes must be metex-production. This multi-product situation serves to further complicate the interdependency between production and storage models. Figure 16 shows the way in which production varies over the duration of one year due to operation procedures. The aggregate sales curve (from Figure 15 ) is also shown.
The area lying between these two curves represents the major stock movements which are necessary to satisfy demand over the period.
On any particular day, however, the daily balance of demand to supply determines what will be placed into or drawn from store.
This aspect is discussed more fully in Section 5.
Storages located in the near vicinity of the production complex are clearly desirable.
This follows from the cost of capital tied up in stocks at the manufacturing site being less than the cost of a similar quantity of briquettes at a site distant from the factory and the occasional inability of production to supply the local market at the works.
However, some stock must be held at the market distant from the factory to cover contingencies which may arise from the distribution system. The size of the total holding is dependent upon the shortfall of production to demand over the winter period and the reliability of plant at that time.
The flow diagram of the storage model is shown below in Figure 17 .
The model allowed the establishment of stringent control limits and priorities for placing and discharging from particular storage areas on a daily basis.
In this way the optimal manipulation of storages was determined.
Distribution
From the loading sheds at Morwell, briquettes are consigned to private sidings and some 200 public rail sidings throughout the State. Briquette distributors take delivery from these sidings and supply and end consumer. Using a transportation model the selection of the best use of sidings by particular briquette distributors was made.
The transportation model is a deterministic model which searched for the optimal placement of briquette distributors.
Supply to these sidings was dependent upon production, storage levels, equipment operation between the plant and outloading point, and the Victorian Railways facilities and timetable.
The available facilities of the VR imposed major constraints on a set of otherwise feasible alternative strategies.
It constrained the optimal strategy because of several factors.
These were -* number of rail wagons available to the industry at any point in time and where these wagons are available;
* turn-around time of rail wagons; * line capacity; * other VR business, e.g., wheat, super phosphate, etc.; * freight timetables; * locomotive availability;
* siding capacities and daily variability.
The simulation was run with and without these constraints and at certain intermediate values to determine the best strategy to follow.
The sensitivity of each of the constraints (above) was evaluated as was the cost of making each alternative workable given the particular constraint setting.
The flow diagram for the distribution model is shown in Figure 18 .
5.
The Loqistic System
The concept of a logistic system is generally recognised.
It implies the efficient management of the flow of materials and products from source to user.
It has become accepted that there is a need to design and manage a business as a single unit rather than a series of discrete, independent functions. This concept applied to the briquetting industry involves the integration of the four entities of demand, production, storage and distribution into an all-embracing form. This form is defined here as the logistic system and is represented by the briquette industry model.
The logistic system is time and event dependent.
Any events occurring in entities which hitherto have been treated as disjoint from other entities clearly take on a new and more significant role.
The situation is one where everything is dependent upon everything else constrained only by a set of working rules.
Integrating the time domain and the static model brings out the problem of evaluating and selecting the optimum time span between monitoring and modifying consecutive states in the simulation exercise.
The optimum time span depends upon the particular event under study and the maximum length of time it may be ignored without significantly affecting the validity of the overall results, for example: (i) For the demand function the event must be looked at initially to allow production planning for the day and then modified when the actual orders are known. Two states of demand on any day are all that is required.
(ii)
For the production function the requirements are far more stringent.
Owing to the large number of plant items and the inherent dependence of one item of plant on another, the state of the system can vary considerably over a short time span.
For time spans in excess of one hour the effect of ignoring state changes becomes significant.
Up to 24 states of production on any day must therefore be monitored.
Other functions within the production entity, such as routine outages, do not require hourly observations.
In such cases the period between subsequent events of, say, a week, a m o n t h or a year, a d e q u a t e l y d e s c r i b e the p a r t i c u l a r c i r c u m s t a n c e . This d e m o n s t r a t e s the p r e s e n c e of m a n y o p t i m u m time spaces w i t h i n an entity.
They are d e p e n d e n t upon the dynamic s i g n i f i c a n c e of the r e s p e c t i v e events.
(iii) The v a r i a b i l i t y of d e m a n d and 3f p r o d u c t i o n on any day may require a u g m e n t a t i o n from, or d i s p a t c h i n g to, storages. The event can occur at any time of the year, not only on o c c a s i o n s when s e a s o n a l i t y is d e m a n d i n g a c e r t a i n mode of operation.
It is t h e r e f o r e n e c e s s a r y to m o n i t o r stores f r e q u e n t l y t h r o u g h o u t the day.
(iv) The d e p e n d e n c e of the whole works upon the c o l l e c t i o n c o n v e y o r s and l o a d i n g f a c i l i t i e s p o i n t s to the e s s e n t i a l n a t u r e of their operation.
H o u r l y events are clea~-ly significant.
This p a r t of the d i s t r i b u t i o n function is l o o k e d at on an h o u r l y basis.
In contrast, the VR empty w a g o n supply is e v a l u a t e d only once per day, as are the fixed aspects of freight timetable, daily siding u s a g e and w a g o n t u r n -r o u n d time.
Once time has b e e n b r o u g h t into the f r a m e w o r k of the model, the r e s u l t i n g form assumes a dynamic character.
I n t e r d e p e n d e n c i e s b e t w e e n v a r i a b l e s are then further i n f l u e n c e d by i n t e r a c t i o n s b e t w e e n events of a time p e r i o d and the events that p r e c e d e and f o l l o w it.
U n c e r t a i n t y and v a r i a b i l i t y w h i c h p e r m e a t e t h r o u g h the e n t i r e model b r i n g out a degree of c o m p l e x i t y almost b e y o n d h u m a n c o m p r e h e n s i o n . It is a s i t u a t i o n w h e r e some s c i e n t i f i c a p p r o a c h must be used; and the m a t h e m a t i c a l model c o n t r i b u t e s p r e c i s e l y this. It can and does p r o v i d e a sound b a s i s for the e f f e c t i v e m a n a g e m e n t of the business. Figure 20 shows a typical full o u t p u t format for a single day w h i c h is n e c e s s a r y for e v a l u a t i n g tactical manoeuvres,
and F i g u r e 21 i l l u s t r a t e s a s u m m a r i s e d form u s e d for s t r a t e g i c e v a l u a t i o n s .
M o d e l l i n g of the l o g i s t i c s y s t e m throws into sharp r e l i e f the areas s e n s i t i v e to b u s i n e s s decisions, be they s e e m i n g l y i n s i g n i f i c a n t (press form l i f~ or of a m a j o r n a t u r e (retirement of a factory).
The m o d e l allows m a n a g e m e n t to c o n c e n t r a t e on t h o~a r e a s c r i t i c a l to the e f f i c i e n t r u n n i n g of the business.
C o s t / E f f e c t i v e n e s s of the Model
The cost of b u i l d i n g a model such as this is m a i n l y in the salaries of the staff e n g a g e d in its c o n s t r u c t i o n . The b a l a n c e of costs are a b s o r b e d by p r o g r a m d e v e l o p m e n t and o p e r a t i o n of the computer.
D e v e l o p m e n t of this model i n v o l v e d some three m a n -y e a r s -this c o v e r e d the p e r i o d s t a r t i n g w i t h the d e f i n i t i o n of the p r o b l e m to a stage w h e r e results for m a n a g e m e n t p e r u s a l and action were b e i n g obtained.
Of
In s u m m a r i s e d form it takes 2½ • minutes.
T a c t i c a l d e c i s i o n s are made from the full o u t p u t mode and r a r e l y e x t e n d for more than 18 months.
Background to d e c i s i o n m a k i n g on the tactical front is t h e r e f o r e o b t a i n e d in about 6 m i n u t e s of c.p.u, time for each simulation.
On the other hand, strategic d e c i s i o n s are r e q u i r e d over a p l a n n i n g h o r i z o n of 5-10 years. Each s i m u l a t i o n run on this b a s i s takes about 12½ to 25 m i n u t e s of c.p.u, time.
The value o b t a i n e d from this i n v e s t m e n t could be a s s e s s e d on two fronts:
T a c t i c a l C o n t r o l
As a tool to p r o v i d e a quantitative basis for d e c i s i o n making, the model has been used in m a n y a p p l i c a t i o n areas. E x a m p l e s of these are: * Optimal level of stock h o l d i n g by weeks and the areas where these stocks should be held, * E v a l u a t i o n of e m e r g e n c y s i t u a t i o n s and the a b i l i t y of optimal stock levels to supply these r e q u i r e m e n t s .
* The best use of e x i s t i n g store facilities.
* P r o d u c t i o n c a p a b i l i t y required.
* The e f f e c t of p l a n t a d d i t i o n s or removals.
* U p g r a d i n g or d e g r a d i n g of p l a n t capability.
* Optimal m a i n t e n a n c e p r o g r a m s and d e t e r m i n a t i o n of the b e s t times for routine s h u t d o w n s and p l a n t m a i n t e n a n c e .
* The e f f e c t of v a r y i n g the q u a l i t y and q u a n t i t y of coal and steam inputs.
* E s t a b l i s h m e n t of optimal w o r k i n g rules for the factory.
* E l i m i n a t i o n of p r o d u c t i o n "bott{e-necks".
* D e t e r m i n a t i o n of a r e a l i s t i c i n c r e m e n t a l cost of p r o d u c t i o n .
* The s e n s i t i v i t y of the VR i n t e r f a c e w i t h the model. * S h o r t term sales s t r a t e g y b a s e d on i n c r e m e n t a l costs.
* Cost r e l a t i o n s h i p b e t w e e n p r o d u c t q u a l i t y and sales.
* A r e a s for i n t e n s i v e sales p r o m o t i o n .
6.2 S t r a t e q i c P l a n n i n q
In the long term the m o d e l q u a n t i f i e s the role of the b r i q u e t t e i n d u s t r y in terms of p r e s e n t worth. The v i a b i l i t y of the i n d u s t r y can be b r o u g h t u n d e r intense s c r u t i n y m e r e l y by a p p l y i n g s e n s i t i v i t y a n a l y s e s to c r i t i c a l factors.
Such studies include:
* E v a l u a t i o n of c o n s u m e r trends.
* The e f f e c t of v a r i o u s p r i c i n g strategies.
* D e s i r a b i l i t y of c a p i t a l i n v e s t m e n t s .
* N e w m a r k e t p e n e t r a t i o n . * C o m p e t i t i v e activity.
* V a r i a t i o n s in cost structure.
* P r o d u c t d e v e l o p m e n t .
* V a r i a t i o n of p e r s o n n e l numbers.
The m o d e l p r o v i d e s m a n a g e m e n t w i t h a tool that can e v a l u a t e any set of input c o n d i t i o n s .
It gives m a n a g e m e n t a q u a n t i t a t i v e b a s e for d e c i s i o n making.
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